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SECTION  1 


PURPOSE 


1.0  OBJECTIVES 

The  objective  of  this  contract  is  to  develop  Flush  Terminated  Micro¬ 
miniature  Layered  Printed  Wiring  suitable  for  assembling  and 
electrically  interconnecting  electronic  module  leads  located  on 
0.050"  centers  by  a  single  soldering  operation.  This  Layered  Printed 
Wiring  must  provide  reliable  interlayer  connection  between  conductors 
of  any  layers  and  should  withstand  the  military  environment  defined 
in  SCL-7653  specification. 

2.0  PHASES  OF  WORK 

Chronologically,  the  work  on  this  contract  is  divided  into  three  phases: 

Phase  1  -  Preliminary  Research  &  Development  work 

This  phase  will  cover  the  preliminary  research  and  development  work 
required  to  establish  certain  process  parameters  for  the  manufacture 
of  Microminiature  Layered  Printed  Wiring,  with  plated -through  holes 
as  the  interconnecting  link  between  layers.  During  this  phase  the 
following  tasks  are  to  be  accomplished: 

a)  Investigation  of  thin  conductor  etching. 

b)  Investigation  of  laminating  cycles  and  of  the  tooling  needed  to 
minimize  misregistration  between  layers  during  lamination. 

c)  Investigation  of  procedures  for  accurate  drilling  of  small 
diameter  holes . 

d)  Investigation  of  a  satisfactory  hole  metallizing  system. 

e)  Establish  parameters  for  reliable  miniature  plated  through  holes. 

f)  Establishment  of  Quality  Assurance  procedures  for  the  entire 
process  with  special  emphasis  on  plated -through  holes. 

g)  Preparation  of  artwork  for  the  production  of  samples  to  meet 
the  requirements  of  SCL  7653  specification. 
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Phase  II  -  Process  &  Design  Parameters 

In  this  phase  the  results  of  first  phase  will  be  evaluated.  Based  on 
this  evaluation,  the  processes  will  be  standardized  and  production 
specifications,  design  pz.rameters  and  tooling  design  for  the  pro¬ 
duction  of  the  final  samples  will  be  prepared  and  the  samples 
manufactured.  The  Quality  Control  standards  and  detailed  testing 
schedules  for  sample  testing  will  be  prepared  in  this  phase.  The 
completion  of  these  tasks  is  expected  by  the  end  of  February  1963. 

Phase  III  -  Testing  of  Samples 

This  phase  will  be  devoted  completely  to  the  testing  of  the  samples 
under  environmental  conditions  specified  in  SCL  7653.  At  the  latter 
part  of  this  phase,  the  procurement  specifications  will  be  prepared 
for  inclusion  in  the  final  report.  The  completion  of  this  phase  will 
coincide  with  the  end  of  the  subject  contract. 

3.0  RELATED  PROJECTS 

Photocircuits  Corporation  has  a  U.S.  Army  Signal  Corps  contract 
for  Production  Engineering  Measure  for  Subminiature  and  Ultra¬ 
miniature  Multilayer  Printed  Wiring. 

Information  or  data  obtained  during  the  work  on  this  contract  which 
is  pertinent  to  the  outlined  tasks  of  the  subject  contract  will  be  in¬ 
cluded  in  the  interest  of  completeness. 


SECTION  2 


ABSTRACT 


In  the  period  covered  by  this  report  further  investigations  were  carried 
out  in  the  preliminary  research  and  development  phase  of  the  contract. 

Additional  data  on  the  etching  of  thin  conductors  has  been  collected,  the 
tolerance  limitations  and  the  shapes  of  the  crossections  of  the  thin  etched 
conductors  have  been  established.  The  parameters  of  the  variables  of  the 
lamination  cycle  have  been  determined.  The  placing  of  resilient  layers 
between  the  circuit  stack  and  the  jig  plates  for  even  pressure  distribution 
during  lamination,  has  been  found  desirable.  The  laminating  plates  must 
be  manufactured  of  materials  which  are  stable  under  repetitive  temperature 
and  pressure  cycling.  A  technique  for  registration  of  all  layers  within 
+  .003"  from  true  position  has  been  developed. 

The  drilling  of  small  holes  in  ultraminiature  layered  printed  wiring  must 
be  a  tightly  controlled  process  in  order  to  obtain  uniform  clean  holes. 

The  use  of  upside  down  drilling  machines  has  made  it  possible  to  keep 
the  required  tolerances  on  hole  locations. 

Uniform  copper  deposition  can  be  achieved  in  holes  with  diameters  less 
than  .025"  and  more  than  two  diameters  deep  when  panel  plating  technique 
is  used.  For  plating  of  such  holes  in  circuit  boards  without  any  circuit 
patterns  or  bands  on  either  surface,  special  techniques  must  be  developed. 
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PUBLICATIONS,  LECTURES,  REPORTS  AND  CONFERENCES 


During  the  period  covered  by  this  report,  no  lectures  have 
been  given,  or  reports  published  which  include  any  material  or  data 
from  the  work  performed  under  this  contract. 

The  following  conferences  were  held  between  representatives 
of  the  U.  S.  Army  Electronics  Research  and  Development  Laboratory 
and  Photocircuits  Corporation  to  discuss  technical  progress  of  work 
done  under  this  contract: 


1.  September  27,  1962  at  Fort  Monmouth,  N.  J. 

2.  November  19,  1962  at  Fort  Monmouth,  N.  J. 
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SECTION  4 


FACTUAL  DATA 


4.1  THIN  CONDUCTOR  ETCHING 

4.1.1  Objectives  of  this  Task 

The  objectives  of  this  task  are  to  determine: 

a.  The  minimum  conductor  width  which  can  be  manufactured 
using  standard  production  equipment. 

b.  The  relationship  of  conductor  widths  on  photoprint 
glass  negatives  to  the  width  of  conductors  on  etched 
parts . 

4.1.2  Background 

In  the  first  quarter  it  was  concluded  that  circuits  with  conductor 
widths  down  to  .010"  can  be  satisfactorily  etched  using  either 
the  spray  or  splash  etching  method  if  the  artwork  is  compensated 
for  the  expected  conductor  width  loss  during  the  etching  operation. 
It  was  also  determined  that  this  conductor  width  loss  is  approxi¬ 
mately  equivalent  to  the  copper  material  thickness. 

In  the  reported  period,  some  additional  tests  were  performed 
which  were  required  to  present  a  complete  picture  of  thin 
conductor  etching. 

4.1.3  Effect  of  Fresh  and  Spent  Baths  on  Conductor  Loss 

During  the  etching  of  large  batches  of  panels,  the  etching 
solution  slowly  saturates  with  copper  and  its  effectiveness 
gradually  decreases.  This  saturation  manifests  itself  in  a 
longer  etching  period  which  might  have  some  effect  on  con¬ 
ductor  loss.  The  results  given  in  Figure  4.4  and  Table  I 
below  indicate  that  conductor  loss  is  not  affected  by  the 
condition  of  the  bath. 

TABLE  I 

Effect  of  New  and  Spent  Bath  on  Conductor  Width 


ORIGINAL 
LINE  WIDTH 

COPPER  THICKNESS 

BATH  CONDITION 

AVERAGE 

CONDUCTOR  WIDTH 

.010" 

.0028" 

New 

.00688 

.010" 

.0028" 

Spent 

.00708 

.020" 

.0028" 

New 

.01720 

.020" 

.0028" 

Spent 

.01705 
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The  variations  of  the  .010"  conductors  was  about  3%  and  of 
the  .020"  conductors  about  1%.  This  can  be  considered 
negligible.  Only  the  spray  etching  technique  has  been  used 
for  determination  of  above  results,  since  it  had  been  previously 
selected  as  most  efficient  of  the  three  etching  methods  inves¬ 
tigated.  The  variations  in  time  to  etch  through  .0028"  copper 
foil  was:  Fresh  Solution  -  2  1/2  minutes;  Spent  Solution  - 
about  5  minutes. 

4.1.4  Variation  in  Conductor  Loss 

The  reproducibility  of  results  from  part  to  part  and  the  uniformity 
of  etching  in  different  areas  of  the  same  pattern  is  of  prime  im¬ 
portance  when  working  with  thin  conductors.  Careful  measurements 
of  various  areas  of  patterns  were  made  and  the  results  tabulated 
and  compared  with  results  obtained  during  previous  tests. 

It  was  found  that  within  the  same  pattern,  using  .0028  thick  copper, 
the  conductor  width  variation  from  the  expected  width  was 
for  spray  etching  and  for  splash  etching.  The  variation 

from  the  expected  conductor  width  within  groups  of  specimens 
was  3-|%  for  spray  etching  and  for  splash  etching.  The 

larger  variation  of  conductor  width  observed  in  splash  etching  is 
probably  because  the  parts  are  r.ct  visible  during  the  etching 
operation  and  slight  overetching  is  possible.  In  spray  etching, 
the  parts  can  be  observed  through  a  window  and  the  process  can 
be  stopped  as  soon  as  the  etching  is  completed. 

4.1.5  The  Shape  of  the  Undercut 

In  this  report,  as  in  the  first  report,  the  amount  of  conductor 
left  after  etching  was  measured  at  the  top  portion  of  the  con¬ 
ductor.  A  careful  investigation  of  the  cross  section  of  the  etched 
conductor  was  made  to  determine  how  accurately  this  value 
represents  the  remaining  cross  sectional  area  of  the  conductor. 
Figure  4-5  and  Photomicrograph  4-7  show  cross  sections  of 
specimens  etched  by  spray  and  splash  etching  methods.  (Tank 
etching  was  not  investigated  since  previous  work  indicated  that 
this  technique  was  not  usable  for  fine  conductor  etching.  See 
Quarterly  Report  #1). 

It  is  evident  that  the  conductor  is  wider  at  the  bottom  than  at 
the  top  after  spray  etching  by  an  average  of  1.6  mils  and  after 
splash  etching  by  about  2.0  mils  (for  .0028  thick  copper  foil). 
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From  Figure  4-5  it  is  also  evident  that  spray  etching  leaves 
no  undercut  whatsoever,  i.e.,  the  conductor  cross  section  is 
a  regular  trapezoid  with  the  wider  portion  on  the  bottom. 

The  splash  etching  method  produces  a  slight  undercut  at 
about  2/3  of  the  conductor  height,  but  the  average  conductor 
width  loss  at  the  bottom  is  almost  negligible:  0.7  mils 
compared  to  the  2.87  mils  lost  on  the  top. 

The  cross  sections  indicate  that  during  the  etching  process, 
most  material  removal  is  occurring  just  below  the  etch  resist 
film  and  that  the  thinnest  portion  of  the  etched  conductor  is 
near  the  top.  All  presented  data  is  describing  the  worst  case; 
the  value  of  the  maximal  line  loss. 

The  results  also  indicate  that  in  areas  of  close  conductor 
spacings,  allowances  should  be  made  for  the  proper  distances 
between  conductors  tc  avoid  possible  voltage  breakdowns. 

This  is  especially  important  to  remember  when  the  artwork 
is  compensated  for  expected  conductor  loss  on  top.  More 
detailed  summaries  of  the  results  can  be  found  in  the  last 
page  of  the  complete  data  sheets  of  performed  measurements 
given  at  the  end  of  the  report. 

4.2  LAMINATION  CYCLES 

4.2.1  Background 

In  the  Quarterly  Report  #1,  the  results  of  the  investigation 
about  the  effects  of  a  preheat  or  "gel"  period  (during  which 
the  semicured  "B"  expoxy  is  in  the  liquid  state)  have  been 
reported.  It  was  determined  that  the  optimum  duration  of 
such  a  "gel"  period  is  about  4  minutes.  In  the  second  quarter, 
the  investigation  of  the  cure  cycle  proper  has  been  conducted. 

4.2.2  Heat  and  Pressure  Required  During  the  Curing  Process 

The  epoxy  resins  used  for  the  preparation  of  laminates  must 
be  cured  under  simultaneous  application  of  heat  and  pressure. 
In  the  manufacture  of  multilayers,  a  sheet  of  woven  fiberglass 
impregnated  with  semicured  epoxy  is  used  as  an  adhesive 
between  two  layers  of  fully  cured  circuit  layers.  There  are 
now  a  number  of  vendors  which  sell  such  "B"  stage  epoxy 
fiberglass  sheets. 
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A  number  of  Bamples  of  "B"  stage  material  have  been  in¬ 
vestigated  but  manufacturer  specifications  about  storage, 
handling,  and  the  recommended  cure  cycle  for  the  respective 
materials  vary  significantly.  Therefore,  it  is  rather  hard 
to  prescribe  a  universal  and  uniform  laminating  cycle  for 
all  of  the  available  materials.  In  all  cases,  when  the  man¬ 
ufacturers'  instructions  were  followed,  the  final  laminate 
was  satisfactory  in  all  respects. 

Despite  variations  in  detail,  the  specifications  of  all 
materials  tested  were  within  the  following  outline: 

a.  Storage:  Room  temperature,  but  as  dry  as  possible 

(it  has  already  been  mentioned  in  Quarterly 
Report  #1  that  for  the  best  results  a  controlled 
humidity  room  (40%  R.H.)  must  be  established 
and  all  prelaminating  operations  performed 
there) . 

b.  Storage  Life:  Three  to  six  months. 

c.  Preheat  or  Gel  Period:  within  the  limits  reported  in 

the  Quarterly  Report  #1  (about 
4r  1  minutes). 

d.  Laminating  Temperature:  320  F.  to  350  F. 

e.  Laminating  Pressure:  100  to  1000  psi 

f.  Curing  Time:  8  to  45  minutes 

g.  Cooling:  Slow  ambient  air  cooling  is  preferred,  but  water 

jacket  cooling  is  satisfactory.  Cooling  should  be 
done  while  the  laminate  is  under  full  pressure. 

During  this  investigation  the  following  observations  were  made 
If  the  temperature  during  the  curing  cycle  is  permitted  to  fall 
below  300  F.,  the  curing  will  not  be  satisfactory  and  the  board 
might  blister  during  the  soldering  or  heat  cycling.  The  range 
of  pressures  which  will  make  satisfactory  laminated  boards 
for  all  tested  samples  was  rather  wide  and  pressure  selection 
is  mostly  dictated  by  the  circuit  geometry,  overall  thickness, 
and  type  of  adhesive. 


-8- 


The  curing  time  also  has  a  wide  range  but  since  a  longer  curing 
cycle  produces  a  more  fully  cured  resin,  it  is  suggested  that 
the  cycle  time  be  greater  than  the  lower  limits  of  the  specified 
range  despite  economic  conditions.  i.e.,  shorter  press  time. 
However,  a  too  long  curing  cycle  can  "cvercure"  the  resin 
which  may  then  become  brittle.  When  working  within  the 
time  range  specified  by  the  manufacturer,  satisfactory  laminates 
were  obtained.  No  discernible  effects  cn  the  final  board  were 
observed  when  the  speed  of  coding  after  curing  was  varied. 

4.2.3  Backing  Materials 

The  customary  practice  fcr  the  laminating  of  sheet  laminates 
is  to  cure  the  laminates  directly  against  press  platens.  This 
produces  uniform  and  flat  laminates.  In  the  case  cf  multilayer 
boards,  this  technique  also  produces  very  flat,  uniform  surfaces 
on  the  laminated  board.  Since  the  multilayer  board  consists  of 
a  number  of  imbedded  circuit  layers,  the  pressure  distribution 
within  the  beard  is  not  uniform,  especially  if  there  are  identical 
circuit  patterns  superimposed  one  abeve  another.  At  such  high 
points  the  pressure  is  much  higher  than  in  areas  where  circuitry 
is  etched  away  and  almost  all  the  adhesive  is  squeezed  out.  The 
low  points  receive  insufficient  pressure  and  dc  net  laminate 
properly.  Such  unequal  pressure  distribution  was  clearly  evident 
in  the  lamination  of  the  dielectric  (comb)  test  pattern  for  this 
contract. 

To  equalize  the  pressure  distribution,  a  number  cf  flat  resilient 
materials  have  been  investigated  which  were  placed  between  the 
stacked  circuit  layers  and  the  fop  and  bottom  plates  of  the 
laminating  jig.  Cork  sheets  could  not  withstand  the  temperature; 
Teflon  and  Silicone  rubber  sheets,  .020"  to  .032"  thick  were  very 
good.  They  produced  good,  uniform  laminates  and  the  adhesive 
flash  did  not  stick  to  them.  They  are  reusable,  but  a  few  hours 
must  elapse  between  their  use  in  order  to  give  them  time  for 
springback  and  to  remove  the  imprints  of  the  pattern. 

Further  investigation  was  made  using  kraft  paper  with  and 
without  a  layer  cf  aluminum.  It  has  been  found  that  a  stack  of 
kraft  paper  .028"  to  .013"  thick  cn  each  side  cf  the  beard  will 
give  very  good  laminates.  In  order  to  prevent  epoxy  from 
adhering  to  the  paper,  a  layer  of  .002"  or  .003"  aluminum  foil 
can  be  placed  between  the  kraft  paper  and  the  circuit  surfaces. 
However,  when  laminating  multilayers  with  copper  foil  on  both 
outside  surfaces  of  the  board,  aluminum  foil  can  be  eliminated 
since  copper  will  not  stick  to  kraft  paper.  After  trimming  off 
flash,  the  paper  is  easily  removed  from  the  board. 
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From  economic  considerations,  kraft  paper  is  the  most 
efficient  material  to  use  aB  a  backing  material.  Kraft  paper 
has  a  somewhat  nonuniform  texture  which  produces  a  copper 
surface  on  the  laminated  board  which  is  not  ideally  flat.  After 
the  etching  of  copper  from  the  surface  (after  drilling  and 
plating)  this  nonuniformity  of  the  surface  is  completely  un¬ 
observable.  This  aspect  of  kraft  paper  is  definitely  not  detri¬ 
mental  to  the  finished  multilayer  board  and  is  mentioned  only 
for  reasons  of  completeness. 

In  all  cases,  when  resilient  "backing"  layers  were  used  during 
lamination,  the  surface  of  the  laminated  boards  exhibited  slight 
raisings  at  the  points  where  the  circuitry  on  the  inner  layers 
was  repetitive. 

4.2.4  Layer  to  Layer  Registration 

The  exact  registration  of  circuit  patterns  on  different  layers 
is  of  prime  importance  for  the  successful  production  of  multi¬ 
layer  circuits.  This  problem  is  even  more  critical  for  pro¬ 
duction  of  microminiaturized  circuits  where  layer  to  layer 
misregistration  of  more  than  +_  .003"  will  seriously  affect  the 
reliability  of  the  entire  board  because  the  drilled  holes  may 
miss  the  pad  area  and  thus  decrease  the  contact  area  between 
pad  and  plated  through  hole.  Serious  consideration  was  given 
to  this  problem  and  exact  measurements  of  the  amount  of  mis¬ 
registration  were  made  on  numerous  samples. 

In  the  production  of  regular  multilayer  boards,  special  "bulls - 
eyes"  are  placed  around  the  perimeter  of  the  part  during  the 
artwork  preparation.  These  bullseyes  are  registered  on  a 
coordinatograph  with  the  circuit  artwork  within  +_  .002  max. 
variation  before  reduction  and  are  repeated  with  the  same 
accuracy  on  each  layer  of  the  board.  After  printing  and  etching 
of  the  layers,  each  of  these  holes  is  accurately  drilled  (within 
+  .002"). 

These  holes  are  then  used  to  pin  each  layer  in  the  laminating 
jig  within  the  required  registration  tolerance.  On  regular 
parts,  these  holes  are  spaced  uniformly  5"  to  6"  apart  around 
the  entire  perimeter. 

The  measurement  of  misregistration  in  these  parts  established 
that  there  was  never  more  than  +  .005"  when  this  production 
technique  was  used.  But,  as  mentioned  above,  for  microminiature 
multilayer  circuits  a  +  .003"  tolerance  must  be  held. 
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In  order  to  achieve  this  registration,  artwork  has  been  prepared 
with  the  location  of  the  bullseyes  for  the  mounting  holes  within 
+_  .001".  Also,  the  mounting  holes  were  spaced  at  closer  inter¬ 
vals.  As  seen  from  Figure  4-8,  the  registration  of  all  layers 
on  such  a  part  was  held  within  +  .003"  of  the  true  location. 

An  investigation  was  then  made  to  determine  the  maximum 
spacing  of  the  mounting  holes  which  would  still  provide 
registration  of  the  layers  within  +_  .003".  It  has  been  determined 
that  with  spacing  up  to  4"  between  mounting  holes,  such  regis¬ 
tration  is  possible. 

All  investigations,  so  far,  indicate  that  when  the  mounting  holes 
are  spaced  at  the  required  intervals  around  the  perimeter  of 
the  part,  there  is  a  negligible  amount  of  shifting  of  the  base 
material  and  circuitry  during  the  lamination  cycle. 

4.2.5  Tooling  for  the  Lamination  Process 

As  is  evident  from  paragraph  4.2.4,  the  exact  location  and 
immobility  of  each  layer  during  the  lamination  cycle  is  a  very 
important  condition  for  the  successful  lamination  of  multilayer 
boards.  To  achieve  this,  each  circuit  layer  must  be  firmly 
pinned  down  during  the  entire  laminating  cvcle.  For  this 
purpose,  special  jigs  are  manufactured  which  consist  of  two 
flat  plates  in  which  holes  for  pins  are  drilled  in  exactly  the 
same  positions  as  are  the  "bullseyes"  on  each  layer. 

The  requirements  for  these  plates  are  quite  stringent;  they 
must: 

1.  remain  perfectly  flat  through  numerous  heat  and 
pressure  cycles; 

2.  be  thermally  stable,  i.e.,  the  position  of  pins  should 
not  change  appreciably  when  undergoing  heating  and 
cooling  cycles,  and; 

3.  be  sufficiently  hard  so  that  no  imprints  or  deformations 
of  the  surface  are  evident  after  prolonged  use.  Repeated 
insertion  and  removal  of  the  pins  should  not  damage 

or  increase  the  diameter  of  the  locating  holes. 
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An  investigation  of  the  best  materials  for  such  plates  was 
made.  Aluminum  jig  plates  were  tried  but  it  was  found  that 
this  material  is  too  soft  to  withstand  the  repeated  pressure 
cycle  and  that  after  a  period  of  time,  a  definite  deformation 
is  observed  on  the  surface  and  in  the  location  holes.  Stainless 
steel  plates  have  shown  some  thermal  deformation  -  slight 
buckling  -  after  repeated  heat  and  pressure  cycling.  The 
material  which  has  shown  the  best  characteristics  is  ground 
steel  stock.  The  desired  thickness  of  this  material  for 
laminating  plates  is  3/8".  This  thickness  is  available  in 
various  lengths  but  only  up  to  10"  in  width.  Because  it  can  be 
purchased  in  larger  sheets,  1/4"  thick  material  was  tested 
and  found  satisfactory  for  the  larger  boards.  The  pins  used 
were  1/8"  diameter.  Usually,  the  perimeter  of  the  laminating 
jig  is  1/2"  to  1"  away  from  the  center  line  of  the  locating  holes. 

4.3  SMALL  HOLE  DRILLING 

4.3.1  The  Objective 

The  object  of  this  investigation  is  to  determine  production 
processes  which  will  be  adequate  for  drilling  clean,  very  small 
diameter  holes  in  multilayer  circuit  boards  with  minimum  mis¬ 
registration  between  the  hole  and  the  circuit  pattern. 

4.3.2  Background 

The  drilling  of  holes  in  fiberglass  reinforced  epoxy  copper  clad 
laminates  is  quite  a  complicated  process.  In  the  drilling  oper¬ 
ation,  the  drill  advances  through  layers  of  copper  foil  and  epoxy - 
fiberglass  material  which  have  completely  different  machining 
characteristics.  The  base  laminate  material  itself  is  not  homog¬ 
eneous  since  it  consists  of  soft  resinous  epoxy  and  hard  brittle 
fibers  of  glass.  Glass  fibers  do  not  shear  evenly  and  the  holes 
drilled  in  such  materials  are  irregular  and  have  rough  walls. 
Great  care  must  be  taken  to  have  proper  drilling  conditions  in 
order  to  minimize  such  irregularities  and  obtain  good  holes. 

When  drilling  holes  in  multilayer  circuits,  the  situation  is 
aggravated  since  the  drills  go  through  alternate  layers  of  copper, 
semicured  adhesive  and  fully  cured  base  laminate  layers.  Such 
conditions  impose  even  more  stringent  requirements  and  controls 
for  small  drilling  in  epoxy  fiberglass  multilayer  boards. 
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4.3.3  Investigation  of  Drilling  Conditions  in  Multilayer  Boards. 

For  some  time  it  has  been  known  that  non-homogeneous 
materials,  as  found  in  multilayered  boards,  introduce  con¬ 
ditions  not  found  when  drilling  regular  t.wo-sided  boards. 

The  ratio  of  board  thickness  to  the  hole  diameter  is  usually 
larger  in  multilayer  boards.  Also  the  heat  generation  during 
the  drilling  causes  a  thin  layer  of  epoxy  on  the  periphery  of 
the  hole  to  become  plastic.  The  epoxy  fills  the  flutes  of  the 
drill  and  hardens,  preventing  the  removal  of  chips  which 
causes  even  greater  heat.  Occasionally,  a  thin  layer  of  resin 
is  deposited  over  the  exposed  copper  of  the  pads  on  the  inner 
layers.  If  this  occurs,  there  will  be  no  electrical  connection 
between  the  pads  or,  the  inner  layers  and  the  plated -through 
hole.  Figure  4-  9  shows  such  a  smear. 

A  thorough  investigation  of  the  conditions  which  lead  to  such 
smear  formation  was  made.  After  numerous  tests,  it  was 
evident  that  all  factors  and  variables  which  can  be  present 
during  the  drilling  process  require  tight,  controls  because 
each  single  factor,  if  it  is  left  uncort relied,  can  contribute 
tc  the  smear  formation. 

These  factors  are: 

a.  Drill  conditions:  drills  must  be  sharp  and  therefore 
a  change  of  drills  after  drilling  200  to  250  holes  is 
mandatory.  They  must  be  properly  sharpened  so  that 
the  drill  point  is  not  off  center.  This  causes  accelerated 
wear  and  an  oversized  hole. 

b.  The  material  thickness  should  be  limited,  i.e.,  no  panel 
stacking  is  possible.  The  drilled  hole  diameter  should 
never  be  less  than  30%  of  the  overall  material  thickness. 

c.  Material  should  be  sufficiently  cured. 

d.  Drill  speed  and  feed  rates  must  be  fixed  for  a  given 
hole  size. 

4.3.4  Investigation  of  Drilling  Speed  and  Feed  Rates 

For  this  investigation  the  following  machines  have  been  used: 
Photocircuits  Corporation  multiple  spindle  machines  with  fixed 
and  variable  speed  heads,  Zagar  multispindle  machine,  Bridgeport 
milling  machine,  and  Manex  milling  machine.  The  parts  used 
were  6  to  8  layer  multilayer  boards.  All  drills  were  sharpened 
and  inspected  prior  to  testing.  The  speeds  used  were  1115  to  5700 
rpm  and  feed  rates  were  .0015  to  .019  in/rev.  Regular  drills  of 
various  sizes  were  used. 
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The  determination  of  hole  condition  was  made  by  microsectioning 
techniques.  An  "Excellent"  hole  was  a  straight  one  with  no 
smearing  of  epoxy.  A  "Good"  hole  was  straight  with  no  smears 
on  the  exposed  copper  but  some  smearing  on  the  epoxy  portion 
of  the  wall.  A  "Fair"  hole  was  a  straight  one  with  some  smearing 
on  the  copper  but  never  on  both  sides  of  the  copper  and  not 
through  the  entire  cross  section.  A  "Poor"  hole  was  when 
excessive  smearing  over  the  exposed  copper  was  observed, 
the  copper  pads  showed  bad  burrs  and/or  the  hole  was  not 
straight. 

The  results  of  this  observation  indicate  that  for  holes  drilled 
with  a  #60  drill  or  larger,  the  speed  of  drilling  must  be  con¬ 
trolled  to  have  about  35  surface  feet/ min.  peripheral  speed  and 
a  feed  rate  of  .0045"/revolution.  For  smaller  holes,  the  peri¬ 
pheral  speed  should  be  about  20  SFM  and  the  feed  rate  .003"/ 
revolution.  Photomicrographs  #4-10  and  4-11  show  a  hole  with 
an  excellent  pad-to-hole  connection. 

4.3.5  Tooling  for  Small  Hole  Drilling 

One  requirement  which  is  very  critical  for  drilling  holes  in 
miniaturized  circuits  is  a  minimum  of  misregistration  between 
the  hole  and  the  pads  on  the  inner  layers.  Since  all  circuit 
layers  are  encapsulated,  there  cannot  be  any  adjustment  of 
circuit  patterns  to  the  drill  pattern  as  is  possible  with  regular 
two-sided  boards  with  plated -through  holes.  In  the  case  of  the 
multilayer  circuit,  the  pattern  of  the  holes  must  be  exactly 
positioned  over  the  circuit  pattern  and  each  hole  must  be  drilled 
within  +.  .002"  of  the  encapsulated  circuit  pad.  Such  stringent 
requirements  led  to  a  reevaluation  of  drilling  techniques  and 
the  tooling  presently  used  for  regular  printed  circuit  manufacture. 

The  mounting  holes  used  for  the  registry  and  mounting  of 
individual  layers  on  the  pins  of  the  laminating  jigs  can  serve 
as  efficient  guides  for  registering  the  laminated  part  on  the 
drill  table  (for  the  automatic  multispindle  machines)  or  in  the 
drill  jig.  The  maximum  misregistration  of  each  individual 
mounting  hole  is  +_  .002"  (see  Section  4.3)  and  this  tolerance  is 
adequate  for  the  registering  of  the  drill  pattern  to  the  circuit 
pattern  in  microminiaturized  multilayers. 
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The  drilling  of  individual  holes  presented  a  more  difficult 
problem.  The  drills  used  for  drilling  miniaturized  holes 
are  very  thin,  flexible,  and  rather  weak.  In  order  to  place 
the  holes  with  the  required  accuracy,  the  drill  and  its  travel 
must  be  short  and  it  should  be  positioned  with  a  bushing  or 
a  very  accurate  drill  jig.  Also,  for  best  results,  a  sequence 
of  a  repetitive  lifting  of  the  drill  (pecking  motion)  from  the 
hole  during  drilling  is  desirable  to  facilitate  chip  removal. 

If  this  is  not  done,  the  unremoved  material  clogs  the  drills 
which  results  in  frequent  and  excessive  drill  breakage. 

The  use  of  drill  jigs  could  remove  some  of  the  above  obstacles 
but  sound  production  practice  required  such  jigs  be  made  of 
hardened  and  fairly  thick  tool  steel.  Hardening  after  fabrica¬ 
tion  could  not  be  used  because  this  produces  dimensional 
changes  larger  than  are  permitted  by  the  requirements.  In 
addition,  the  drilling  of  such  small  holes  in  1/4"  or  3/16" 
thick  steel,  produced  jigs  which  had  on  the  bottom  (i.e.,  on 
the  surface  which  will  be  against  the  part)  a  misregistration 
between  isolated  holes  of  more  than  .003"  because  of  drill 
travel  from  the  vertical  during  the  fabrication  of  the  jig 

The  solution  to  the  tooling  problem  was  found  in  the  use  of 
"upside  down"  drilling  machines.  In  such  machines,  a  conical 
stylus  is  pressing  onto  a  drill  jig  which  has  only  countersunk 
centers  on  the  surface  at  the  location  of  each  hole.  When  the 
jig  is  centered  and  clamped  by  the  stylus  the  drill  advances 
from  underneath  and  drills  holes  in  the  circuit  boards  which 
are  positioned  under  the  drill  jig.  The  travel  height  of  the 
drill  is  controlled  so  that  it  drills  through  the  boards  into 
backup  boards  of  scrap  material  and  not  into  the  jig.  With 
such  a  technique  there  was  no  need  to  manufacture  deep  holes 
in  the  drill  jig;  only  countersinking  with  a  center  drill  to 
produce  an  accurate  jig.  A  number  of  miniaturized  multilayer 
parts  have  been  manufactured  and  they  demonstrated  the 
required  hole  location  tolerances  when  this  "upside  down" 
system  was  used  for  the  drilling  of  holes. 

These  machines  have  variable  speed  spindles,  variable  feeds, 
and  normally  use  carbide  drills.  The  machine  provides  a  very 
strong  clamping  action  which  holds  the  parts  steady  and  is  one 
of  the  keys  to  good  drilling.  There  is  no  "pecking"  motion  but 
the  upside  down  drilling  provides  a  gravity  assist  for  chip 
removal.  An  air  stream  is  also  used  to  facilitate  chip  removal. 
Investigation  of  the  holes  after  they  are  drilled  on  "upside  down" 
machines  showed  that  these  holes  were  excellent.  They  were 
straight  and  no  evidence  of  smears  was  observed  when  proper 
feed  and  speed  rates  were  used. 
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4.4  MICROMINIATURE  PLATED-THROUGH  HOLES 


4.4.1  Objective 

The  objective  of  this  investigation  was  to  determine  the 
parameters  for  a  reliable  microminiature  plated -through 
hole  using  regular  production  methods. 

4.4.2  Background 

In  order  to  achieve  the  degree  of  miniaturization  required 
for  the  interconnection  of  modules  with  very  closely  spaced 
pins,  multilayer  circuits  must  have  very  small  plated -through 
holes.  The  after  plating  diameter  of  such  holes  should  be 
about  .020".  Since  the  overall  board  thickness  is  close  to 
1/16",  such  holes  are  beyond  the  capability  of  conventional 
printed  circuit  technology.  The  technique  for  the  production 
of  plated-through  holes  is  well  established,  but  as  a  rule  of 
thumb,  regular  printed  circuits  have  hole  diameters  no  less 
than  2/3  of  the  overall  thickness.  In  very  small  holes  a 
problem  arises  with  the  efficiency  of  metal  depositation 
into  the  hole,  i.e.,  at  an  angle  to  the  direction  of  the  major 
ionic  flow.  The  term  "throwing  power"  has  been  used  in 
plating  technology  to  describe  the  ability  of  a  given  plating 
bath  to  deposit  the  metal  in  areas  which  are  not  perpendicular 
to  the  ionic  current.  Therefore,  for  the  plating  of  small  holes 
in  relatively  thick  material,  all  baths  with  poor  throwing 
power,  such  as  acid  copper,  are  excluded.  The  use  of 
copper  baths  with  improved  throwing  power,  such  as  copper 
pyrophosphate  or  copper  cyanide,  was  precluded  for  a 
number  of  years  because  no  plating  resist  inks  for  these 
baths  were  available.  Presently,  a  number  of  satisfactory 
inks  for  a  copper  pyrophosphate  bath  can  be  purchased  and 
this  bath  has  been  used  exclusively  for  the  investigation  of 
small  hole  plating. 

4.4.3  Hole  Diameter  to  the  Material  Thickness  Ratio 

As  mentioned  above,  the  production  of  reliable  micro¬ 
miniature  plated-through  holes  hinges  on  the  ability  to 
deposit  sufficient  metal  into  a  narrow,  long  drilled  hole. 
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In  order  to  evaluate  this  ability,  a  test  was  performed  using 
5  layer  multilayer  boards  with  an  overall  thickness  of  .062". 
In  these  boards,  a  large  number  of  holes  of  varying  diameter 
were  drilled.  After  adherent  copper  reduction,  the  boards 
were  panel  plated  in  a  pyrophosphate  bath.  The  term  "panel 
plating"  denotes  plating  of  the  whole  surface  of  the  circuit 
panel  and  is  contrasted  to  the  term  "pattern  plating"  where 
only  the  required  circuit  pattern  is  plated  and  other  areas 
are  masked  off  by  a  plating  resist  ink.  Table  II  shows  the 
results. 


TABLE  II 


Results  of  Panel  Plating  of  Very  Small  Holes 


Drilled  Hole 

Dia.  (mils) 

Material  Thickness 

Hole  Dia. 

Ratio 

Min.  Plating 
on  the  hole 
wall  (mils) 

Plating  in  the 
Hole  to  the 
surface  ratio 

22.5 

2.75 

.86 

1:1 .38 

21.1 

2.95 

.81 

1:1.45 

17.0 

3.65 

.89 

1:1.33 

15.0 

4.15 

.80 

1:1.53 

14.0 

4.4 

.88 

1:1.35 

These  results  indicate  that  a  small  hole  with  a  diameter 
smaller  than  25%  of  the  material  thickness  can  be  satis¬ 
factorily  panel-plated  when  using  a  pyrophosphate  copper 
bath.  It  is  interesting  that  the  plating  thickness  in  the  hole 
did  not  show  any  apprec  tble  difference  with  a  decrease  of 
the  diameter  nor  did  the  plating  throwing  power  change  with 
variation  in  diameter.  (The  last  column  is  a  relative  measure 
of  the  throwing  power.  A  bath  with  poor  throwing  power  will 
have  a  much  higher  ratio  about  1:3  or  thereabouts). 

Figures  4-12  and  4  13  shew  seme  photomicrographs  made 
from  the  holes  of  this  test.  From  these  photographs,  it  is 
clearly  visible  how  uniform  the  plating  is  throughout  the 
length  of  the  hole.  Also,  note  that  the  top  and  bottom  surfaces 
of  the  board  still  have  a  .0028"  thick  layer  of  copper  foil. 

The  copper  plating  deposit  is  above  the  faintly  visible  de¬ 
marcation  line  ar.d  its  thickness  is  only  slightly  more  than 
the  thickness  of  the  copper  deposit  in  the  hole.  A  very 
similar  appearance  is  visible  in  photomicrograph  4-14  which 
has  a  .028"  hole  drilled  in  .102  material  (3.65  ratio). 
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4.4.4 


Pattern  Plating  of  Small  Holes 


On  conventional  two-sided  printed  circuits  with  plated- 
through  holes,  the  circuit  patterns  are  screened  after 
hole  metalizing  and  the  holes  and  the  pattern  are  plated 
simultaneously.  With  ultraminiature  multilayers  with 
holes  spaced  at  .075"  intervals,  all  circuit  patterns  must 
be  encapsulated  on  internal  layers  and  no  circuits  are 
possible  on  the  surface  because  of  tight  dimensional  re¬ 
quirements.  Therefore,  only  the  holes  and  their  surrounding 
pads  are  plated  in  the  plating  operation.  In  microminiature 
multilayers,  where  hole  spacing  is  down  to  .050",  there  is 
no  room  on  the  surface  even  for  pads  around  the  holes  and 
such  circuits  must  have  "landless"  holes.  For  "landless" 
holes  the  pattern  applied  to  microminiaturized  circuits  is 
essentially  a  continuous  plating  mask  and  metal  is  deposited 
only  in  the  stem  of  the  holes.  During  plating,  a  certain 
amount  of  metal  is  deposited  on  the  surface  of  the  board 
forming  a  metallic  annular  ring  around  the  periphery  of 
the  hole . 

During  such  plating,  the  field  and  current  distribution  is 
completely  different  from  the  distribution  during  panel 
plating.  The  area  of  highest  current  density  is  at  the 
orifices  of  the  holes  and  there  most  of  the  metal  is  de¬ 
posited  at  this  point.  To  test  this  distribution,  a  number 
of  samples  .102"  thick  were  drilled  with  .025"  diameter 
holes  (4:1  ratio)  and  their  surface  was  completely  masked 
with  ink  after  copper  reduction.  These  samples  were  then 
plated  in  a  conventional  pyrophosphate  plating  tank.  Photo¬ 
micrograph  4-15  shows  the  results  of  this  plating.  Despite 
the  fairly  uniform  wall  plating  of  .002"  inside  the  hole,  a 
tremendous  plating  buildup  is  observed  at  the  edge  of  the 
hole.  Measurements  of  a  number  of  these  nodules  at  the 
orifices  of  the  holes  were  as  follows: 

Thickness  of  the  copper  at  the  orifices:  .0047"  to  .0060" 

Max.  heights  of  the  buildup  above  the  foil:  .006"  to  .0136" 

Extension  of  the  buildup  beyond  the  edge  of  the  hole:  .010"  to  .013" 

It  is  evident  that  this  plating  buildup  makes  it  useless  to  use 
hole  gauges  for  hole  diameter  determinations.  Also,  the 
buildup  on  the  surface  may  short  closely  spaced  holes.  The 
wide  variation  observed  in  the  measurements  of  these  nodules 
indicates  that  their  formation  is  nonuniform  and  would  be  very 
hard  to  control.  Some  additional  tests  were  run  with  similar 
hole  parameters. 
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These  tests  again  exhibited  a  plating  buildup  which  was 
2.5  times  greater  at  the  edge  of  the  hole  and  3.2  times 
greater  on  the  surface  when  compared  to  the  plating  in 
the  center  of  the  hole.  In  the  board  with  a  smaller  hole 
to  material  thickness  ratio  (.070  material  with  .025  hole 
diameter)  this  buildup  decreased  to  approximately  1.5 
to  1.6  times  the  plating  thickness  in  the  hole. 

4.4.5  Plating  of  Etch  Resistant  Metal 

After  the  initial  copper  deposit  is  plated  into  the  hole  to 
the  required  thickness,  an  etch  resistant  metal  must  be  plated 
over  the  copper  to  protect  the  holes  when  the  unwanted  copper 
foil  is  etched  away  from  the  surfaces  of  the  board.  Etch 
resistant  metals  widely  used  in  industry  are  solder  and  gold. 
From  an  economy  standpoint,  solder  is  preferred  since  it  is 
considerably  cheaper  than  gold.  Figure  4-16  shows  the 
results  cf  solder  plating  a  microminiaturized  (.025"  diameter) 
hole.  As  can  oe  seen  from  the  photomicrograph,  there  is  a 
very  strong  buildup  of  solder  at  the  orifices  of  the  hole  and  a 
negligible  thickness  of  solder  deposit  inside  the  hole.  Solder 
plating  baths  have  poor  throwing  power  which  explains  the 
observed  results.  This  poor  throwing  power  definitely  pre¬ 
cludes  the  use  of  solder  plate  as  an  etch  resist  for  miniaturized 
holes. 

NOTE  that  in  photomicrograph  4-16  one  pad  is  not 
connected  to  the  plated  through  hole  because 
the  test  pattern  included  an  etched  hole  center 
in  the  pad . 

Gold  has  much  better  throwing  power  than  solder.  However, 
it  was  found  that  solderability  of  printed  circuit  boards  with 
gold  plated  holes  is  significantly  improved  by  platjng  a  nickel 
layer  under  the  gold.  Nickel  has  very  good  throwing  power  and 
also  exhibits  a  leveling  effect,  i.e.,  it  will  plate  inside  of  any 
irregularities  which  have  been  produced  during  copper  plating. 
After  filling  crevices  and  irregularities,  the  nickel  will  keep 
depositing  a  fairly  even  and  uniform  plating  which  smooths  out 
the  hole  walls.  Plated  nickel  is  strong  structurally  and  gives 
added  strength  to  the  copper  plating  in  the  hole,  thus  making 
the  plated-through  hole  much  tougher.  All  available  data  on 
past  performance  of  multilayer  circuits  indicates  the  super¬ 
iority  of  the  copper,  nickel,  gold  plated-through  holes.  Since 
solder  plating  cannot  be  used  in  microminiaturized  holes  and 
since  the  use  of  nickel  and  gold  over  copper  offers  definite 
advantages,  such  a  plating  system  has  been  selected  for  this 
study . 
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4.4.6  Plating  of  Small  Holes 


It  has  been  determined  in  the  above  described  investigation 
that  the  beBt  uniformity  of  copper  plating  in  the  holes  was 
obtained  when  circuits  with  microminiaturized  holes  were 
panel-plated.  In  this  case,  copper  plating  is  deposited  on 
the  surface  of  the  board  over  the  existing  foil.  This  leaves 
a  fairly  thick  layer  of  copper  on  the  surface  which  has  to  be 
etched  away  after  the  etch  resistant  material  has  been  plated 
in  the  holes.  The  etching  time  is  long  and  produces  a  severe 
undercut  at  the  orifice  of  the  holes.  The  undercut  might,  in 
certain  cases,  completely  remove  the  plating  overhang  of 
the  "landless"  plated -through  hole  and  even  etch  a  few  mils 
into  the  stem  of  the  hole  as  is  shown  in  Figure  4-17. 

The  screening  of  plating  mask  on  the  surface  of  boards  with 
very  small  holes  also  presents  some  difficulty.  In  some 
cases  the  ink  will  deposit  a  continuous  film  over  the  hole  or, 
in  other  cases,  will  seep  into  the  hole.  In  both  instances, 
additional  cleaning  operations  are  required  to  insure  contin¬ 
uous  plating  inside  the  holes. 

It  is  also  a  problem  to  determine  the  proper  current  density 
when  plating  parts  which  have  no  circuit  pattern  on  the  surface 
because  the  plating  area  is  limited  to  just  the  holes.  This 
control  can  be  achieved  either  by  control  over  the  voltage  of 
the  plating  tank  or  by  control  of  the  current  supplied  to  the  tank. 
For  plating  microminiature  holes,  a  number  of  tests  have  been 
run  to  determine  the  feasibility  of  using  the  voltage  control 
method  as  a  guide  for  the  proper  current  density.  This  method 
can  be  fairly  efficient  when  panel  plating  is  employed.  In  such 
cases,  when  the  plating  area  is  changed,  the  current  will  change 
proportionally  at  the  same  voltage  setting,  keeping  the  current 
density  almost  constant.  However,  the  voltage  control  method 
is  not  accurate  when  circuit  pattern  plating  is  used  and  as  the 
results  below  show,  it  is  a  completely  unsatisfactory  method 
when  plating  landless  holes  with  surface  of  the  board  com¬ 
pletely  masked. 
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The  total  plating  area  inside  the  holes  was  .0294  sq.ft.  At  1.77 
volts  the  recorded  amperage  was  14.4  amps  making  a  plating 
current  density  of  153  amps  per  sq.  ft.  A  completely  identical 
board  having  an  overall  thickness  of  .030"  was  used  in  a  second 
test.  The  actual  plating  area  in  the  second  board  was  exactly 
half  that  of  the  first  board.  At  1.  76  volts  the  plating  current 
was  13.6  amps,  i.  e.  ,  it  did  not  decrease  proportionally  to  the 
area.  For  the  second  board,  the  current  density  was  about 
290  amps  per  sq.  ft.  which  is  excessively  high. 

The  above  discussion  indicates  that  the  plating  of  microminiature 
landless  holes  is  a  difficult  process  and  work  is  under  way  to 
determine  the  best  process  for  obtaining  uniform  and  reliable 
holes  with  a  minimum  of  plating  buildup  around  the  edge  of  the 
hole. 


SECTION  5 


CONCLUSIONS 


1.  There  was  no  significant  difference  observed  in  conductor  width  loss 
when  etched  in  either  a  newly  mixed  or  an  almost  completely  spent 
spray  etching  solution.  The  time  of  etching  through  a  given  foil 
thickness,  naturally,  increases  gradually  with  the  use  of  the  bath, 
and  for  optimum  results,  the  operator  must  constantly  observe  the 
etching  process  and  stop  it  as  soon  as  complete  etching  is  observed. 

2.  A  variation  in  conductor  loss  of  from  expected  width  was  ob¬ 
served  within  the  same  specimen  and  variation  in  different 

batches  of  specimens  after  spray  etching.  In  splash  etching,  this 
variation  was  somewhat  greater.  This  observation  effectively  sets 
the  limits  for  conductor  width  tolerances  which  can  be  held  in  thin 
conductor  etching. 

3.  The  shape  of  the  conductor  cross  section  after  spray  etching  is  a 
trapezoid  with  the  wider  base  at  the  bottom  of  the  conductor,  i.e., 
the  maximum  conductor  loss  occurs  just  below  the  etch  resist  film. 
When  the  artwork  is  compensated  for  the  expected  line  loss  on  the 
top  of  conductors,  a  careful  account  of  the  larger  conductor  width 
at  the  bottom  must  be  made  in  order  not  to  jeopardize  the  minimum 
spacing  requirements. 

4.  The  lamination  cycle  parameters  such  as:  temperature,  pressure 
and  cure  time,  depend  largely  on  the  type  of  "B"  stage  semi-cured 
resin  used  for  lamination.  In  all  cases,  when  the  manufacturers' 
instructions  were  followed,  a  good  laminate  resulted.  Generally, 
these  parameters  can  be  varied  within  certain  ranges  without  detri¬ 
mental  effect  on  the  subsequent  performance  of  the  laminate. 

5.  In  order  to  equalize  the  pressure  distribution  within  a  multilayered 
stack  of  circuits  during  the  lamination  operation,  a  resilient  "back¬ 
ing"  layer  must  be  placed  between  the  circuit  layup  and  the  laminating 
jig  plates.  Teflon,  silicone  rubber,  cr  kraft  paper  sheets  can  be 
effectively  used  for  this  purpose. 

6.  All  layers  must  be  immobilized  during  the  lamination  operation 

to  preserve  the  proper  layer  to  layer  registration.  To  accomplish 
this,  each  layer  must  have  special  mounting  holes  around  the  periphery 
of  the  part  for  pinning  in  special  jigs  during  lamination.  For  a  maxi¬ 
mum  of  +_  .003"  misregistration  from  layer  to  layer  (noncumulative) 
these  mounting  holes  must  be  no  more  than  4"  apart. 
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7.  For  the  manufacture  of  laminating  jigs,  only  l/4"  or  thicker  ground 
steel  plates  should  be  used  because  of  their  dimensional  stability 
under  repetitive  heat  and  pressure  cycling. 

8.  All  variables  of  the  drilling  operation  must  be  carefully  controlled 
when  holes  are  drilled  in  multilayer  printed  circuit  boards.  Under 
uncontrolled  conditions,  a  combination  of  factors  can  arise  which 
will  lead  to  the  formation  of  plastic  smears  over  the  exposed  copper 
inside  the  hole  and  thus  produce  electrical  discontinuity  between  the 
circuit  layers  and  the  plated-through  hole. 

9.  For  best  results,  drill  speed  and  feed  rates  must  be  fixed  for  given 
sizes  of  holes  in  multilayer  boards. 

10.  Tight  tolerances  for  hole  locations  on  microminiature  multilayer 
boards  and  small  gauge  drills  prevent  the  use  of  conventional 
drilling  methods  and  tooling.  The  required  accuracy  of  drilling 
was  obtained  when  an  upside  down  drilling  method  with  special 
templates  and  carbide  drills  were  used. 

11.  In  order  to  obtain  small  diameter  plated-through  holes  in  thick 
laminates,  only  plating  baths  with  high  "throwing  power"  should  be 
used.  When  panel  plating  multilayer  boards  in  a  copper  pyrophosphate 
bath,  holes  down  to  .013  1  in  diameter  were  successfully  plated  in 
.062  thick  material.  This  indicates  the  possibility  of  obtaining  multi¬ 
layer  holes  with  diameters  about  25%  of  the  overall  material  thickness. 

12.  Conventional  plating  techniques  are  evidently  inadequate  to  produce 
good,  small,  deep,  holes  when  plating  only  "landless"  holes;  i.e.,  when 
the  whole  surface  of  the  board  is  completely  masked  off.  Under  such 
conditions,  a  very  nonuniform  plating  inside  the  hole  is  observed 
because  of  heavier  plating  buildup  at  the  orifice  of  the  hole. 

13.  Poor  throwing  power  precludes  the  use  of  solder  plate  as  an  etch 
resist  for  miniaturized  "landless"  plated-through  holes.  A  nickel- 
gold  combination  produces  good  results  and  shows  uniform  plating 
throughout  the  hole. 

14.  Further  investigation  of  production  techniques  for  the  manufacture 
of  reliable,  small  "landless"  holes  is  required. 
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SECTION  6 


PROGRAM  FOR  NEXT  INTERVAL 


During  the  third  quarter  of  the  subject  contract,  the  following  work  will 
be  performed: 

1.  Further  investigation  for  the  fabrication  of  microminia¬ 
turized  layered  printed  wiring  will  be  carried  out  in  the 
areas  of: 

a.  Small  hole  cleaning. 

b.  Small  hole  plating  and  etching  techniques. 

2.  Processes  will  be  standardized  and  a  production  specifi¬ 
cation  for  the  fabrication  of  test  samples  will  be  issued. 

3.  An  In-process  Quality  Assurance  system  will  be  established. 

4.  Quality  Control  procedures  and  detailed  testing  schedules 
for  sample  inspection  and  testing  will  be  prepared. 

5.  Tooling  for  the  production  of  microminiaturized  printed 
wiring  samples  will  be  designed  and  fabricated. 

6.  Required  types  and  quantities  of  samples  will  be 
manufactured. 
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SECTION  7 


IDENTIFICATION  OF  KEY  TECHNICAL  PERSONNEL 


During  the  second  quarter  the  following  persons  took  part  in  the  work 
covered  by  this  report: 


TABLE  7  -  1 

KEY  TECHNICAL  PERSONNEL 


NAME  TITLE  MAN  HOURS  WORKED 


G.  Me  saner 

Project  Manager 

133 

R.  McCaw 

Senior  Engineer 

172 

M.  Paluszek 

Production  Engineer 

337 

F.  W.  Schneble 

Director  of  Research 

80 

L.  A.  Gunsaulus 

Quality  Assurance  Manager 

33 

Technicians 

717 

Shop  labor 

180 

No  new  personnel  have  been  added  to  the  program  during  the  reported  period. 
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FIGURE  4  .7  Cross  section  of  .0028"  thick  conductors  after  spray 
etching.  Approximate  magnification  180X. 
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FIGURE  4.  8  Cross  section  of  a  six  layer  circuit  showing 

layer  to  layer  registration.  Approximate  magni¬ 
fication  1=1 0  X  . 


FIGURE  4.9  Plastic  smear  at  the  interconnection  between  the 
hole  wall  and  an  internal  pad.  Approximate 
magnification  >o()X. 


FIGURE  4.  10  Proper  interconnections  between  the  hole  and  the 
internal  pad.  Approximate  magnification  200X. 


FIGURE  4.  11  Proper  interconnection  between  the  hole  and  the 
internal  pad.  Approximate  magnification  550X. 


FIGURE  4.  12  Cross  section  of  a  .  014"  diameter  hole  in  a  .  062" 
multilayer.  Approximate  magnification  1SX. 
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FIGURE  4.13  Cross  section  of  a  .  025”  hole  in  a  .  062”  multi¬ 
layer.  Approximate  magnification  45X. 


FIGURE  4.  14  Cross  section  of  a  .030”  diameter  hole  in  a  .  102 
multilayer.  Approximate  magnification  30X. 


FIGURE  4.  15  Copper  plating  buildup  at  the  orifice  of  a  .  025 
diameter  hole. 


FIGURE  4.  16  Solder  plating  over  copper  in  small  holes. 
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